Polymerase chain reaction (PCR) and in situ hybridization (ISH) have revolutionized the study of genes and gene expression, and many of these molecular biology advances will greatly impact research in toxicological pathology. PCR (10, 23, 28, 36, 86, 93, 103 (44, 52, 107, 108 Fixatiofl. The evaluation of many fixatives for ISH has revealed that 4% paraformaldehyde seems to achieve the best overall results (25, ~.0, 76, 105 
and only recently widely utilized, can localize specific sequences of DNA and RNA within cells and thus provide data on individual cells rather than an average of total cellular populations.
By combining the localizing ability of ISH with the amplifying capability of PCR, the technique of in situ polymerase chain reaction (IS-PCR) has allowed the detection of low copy numbers of specific DNA and mRNA sequences in tissue sections and cell preparations (3, 4, 47, 
49, 76).
This review presents an overview of some basic concepts of molecular biology; describes the methodology of PCR, ISH, and IS-PCR. and then provides specific and potential applications of these techniques in toxicological pathology.
BASICS OF MOLECULAR BIOLOGY
Gene expression is the process by which DNAs code, via the translation of copies of mRNA, for the production of specific proteins. Messenger RNA copies are made from DNA in the nucleus by the process of transcription and then modified and transported to the cytoplasm, where they usually become associated with ribosomes to produce protein. Gene (28, 106) . Because of the great sensitivity of PCR, amplification of unwanted contaminants can occur (28) . Generally, (37, 57, 86 Detecting ras Oncogene Mutations. Activatic~n of the ras protooncogene is a common event in both human and animal neoplasms (17, 61, 92 (58) . This hypothesis is based on the notion that the mutation frequency within these cells is high, and microsatellite alterations reflect the numerous mutations that have occurred throughout the genome. Loeb (58) proposed that mutations in stability genes-for example, those involved in DNA replication, DNA repair, or chromosomal segration-may be an early event in carcinogenesis and contribute to the increase in the overall level of mutations throughout the genome.
Alterations iu microsatellites can be used as a measure of genomic in~,tcih~lity, and recent demonstration of microsaielliic i~~~,t,ihilit~~ in different human and animals tumors has provided good evidence for the so-called &dquo;mutator phenotype&dquo; (58) . Using SSCPA and direct sequencing. mutations in Il1il.-,!&dquo;t)..,atellites have been found in rat colon tumors induced b) heterocyclic amines (15 (25) .
Applications of ISH Oncogene Overexpression. ISH has proven a useful tool in the study of c-H-ras and c-myc expression in chemically induced liver tumors in B6C3F1 mice (73) . In conjunction with immunohistochemistry and PCR analysis, ISH can add to our understanding of the role of oncogenes in tumorigenesis, as described in studies of myc in human malignancies (94) .
Measurement of Cell Proliferation. The expression of histone genes is known to be tightly coupled to DNA synthesis, and the presence of histone mRNA appears to be a reliable marker of cells in the S-phase fraction. Detection of histone mRNA is proposed to be more accurate than proliferating cell nuclear antigen immunohistochemistry as an endongenous marker for S-phase cells (2) (14) .
Comparative genomic hybridization (CGH), recently developed for human cytogenetic analysis, is capable of detecting and mapping relative DNA sequence copy numbers between the genomes of 2 cell populations, usually between neoplastic and normal cells (44, 45 (49) and for the analysis of lowlevel gene expression (13, 39, 81) . The 
